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INTRODUCTION
South Korea has recently suffered from two financial crises: one from the Asian crisis of 1997, which originated in Thailand with the financial collapse of the Thai baht, and the other from the 2008 global financial crisis, which started as US housing market crisis and spread across both advanced and developing countries.
Structural weaknesses of the economy, such as the attempt to sustain Korea Inc. model 1 by a single ruling political party, credit-based financial system, government's failure to manage foreign exchange market, depreciation of the Korean won, liquidity crisis in banking sector, excessive leverage and bankruptcies of large conglomerates, starting from Hanbo Group in 1997, and their adverse effect on financial institutions are some of the causes of the financial crisis and the collapse of the Korean economy in 1997 (Hunter et al., 1999; Kim, 2003; Park, 2004; Kim, 2014) . The period of 1997-1998 was by far the most traumatic event to affect Korean economy since its rapid economic growth and development from the early 1960s. In November 1997, Korea had to ask for assistance from the IMF. With the help of IMF and other multilateral institutions, Korea was able to avoid sovereign default. In the aftermath of the crisis, Korea implemented many institutional and policy reforms 2 . Chaebols, who always had a history of carrying heavy debt burdens, had to reduce debt ratio and implement some corporate restructures and improve corporate governance (Lee, 2000) .
The global financial crisis of 2008 once again brought Korea to economic devastation. Export-led economy was collapsing in 2008 with 3.7 billion dollars deficit of current account and 2.5 billion dollars trade deficit in August 2008 (Kim, 2014) . However, the situation with excessive leverage of chaebols was better during the global financial crisis than it was during the Asian crisis of 1997; many of the chaebols had even reduced their debt-to-equity ratio much further than they were supposed to (Chekan, 2011) .
Capital structure is an important issue not only to companies that try to maximize their market value, but it is also significant during economic downturns; a wave of bankruptcies of companies with excessive leverage as it was during the financial crisis can lead a country to financial distress and sovereign default. Most of the previous literature is about the theory of capital structure, namely trade-off theory and the pecking order theory, which were tested in normal economic conditions. Only little empirical research was done on the capital structure during financial crises.
What distinguishes this study from other literature is that the current study finds the different behavior's effects of the two financial crises. It shows the dynamics of the capital structure choices of 1,159 Korean listed non-financial companies over a long period of observation, between years of 1985 and 2015.
The above events gave a motivation to study the nexus between financial instability and capital structure of Korean listed firms. How do Korean firms finance their business operations? What does the pattern of capital structure of Korean listed companies' look like over a 31 year period? How do macroeconomic instabilities, like the financial crises of 1997 and 2008, affect the decisions of companies to use debt? How does the debt ratio vary across different industry sectors in Korea? What is the optimal debt ratio the firms 1 Economic development path which Korea had followed from the early 1960s up until the crisis in 1997. 2 See also Kim (2014). should choose in order to increase their market value? What is the gap between the observed and optimal debt ratio? What is the speed of adjustment process toward an optimal capital structure? What are some time and firm-specific factors that influence optimal capital structure and speed of adjustment, and what is their effect? The answers to these questions are the main objectives of this study.
Similar empirical studies have tried to explain and analyze corporate capital structure worldwide including effects of either Asian or Global financial crises. Kim et al. (2005) using a model of dynamic capital structure, estimated optimal leverage and speed of adjustment toward the optimal capital structure of Korean listed manufacturing companies over the period of [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] , that captured a negative effect of the Asian crisis of 1997 on the debt ratio of Korean firms. However, the current study differs from previous published empirical studies and from Kim et al. (2005) study insofar as it is the first study that deals with a much bigger data set, covering 1,159 Korean listed nonfinancial companies over a thirty one year period. In particular, this study covers the period of 1985-2015, including and quantifying the effects two crises, both the Asian and the Global crises, on Korean corporate capital structure with implications and policies.
The study is organized as follows. Section 2 presents a brief review of theories of capital structure. Section 3 discusses empirical studies of capital structure. Section 4 presents model and data used in the estimation, and explains the variables used for the determinants of capital structure and speed of adjustment. Section 5 provides and summarizes the results of the empirical study and, Section 6 concludes the study.
THEORIES OF CAPITAL STRUCTURE
Every company needs capital to operate its business. To expand its business not only in the national market, but also globally, companies need large amounts of capital to pursue raw materials, and advanced technologies to create more competitive products and services that will be supplied in new markets realized by large investment projects. Implementing such investment projects would then demand high capital that company would need to raise either internally by issuing equities, or externally by borrowing debt from financial institutions, or by a combination of both equities and debt.
Capital structure, defined as a mixture of debt and equity that company needs to operate, is one of the most crucial problems of any firm, because its market value depends on the capital structure of the firm. Before managers and stakeholders of the company make decisions over what proportion of debt and equity to choose, they have to think about different factors: What proportion of debt and equity is better to use in order to increase firm's value? Should the proportion of equity be more than debt in order to avoid risk of debt and bankruptcy? How much debt do firms have now and how easy will it be to acquire debt? How costly will the funding be during macroeconomic downturns?
The central topic of the capital structure is whether the optimal capital structure exists. Optimal capital structure is defined as a ratio of debt and equity that maximizes the market value of the firm by minimizing the cost of the capital. The modern theory of capital structure begins with the Modigliani and Miller (hereafter MM) proposition of 1958. Under assumptions that there are no taxes, as well as no bankruptcy and transaction costs, the Modigliani and Miller theorem states that capital structure is independent from the market value of the firm. The proposed paper was criticized and failed under a capital market with imperfections and taxes. A growing published capital structure literature with empirical studies was proposed to explain the variation in debt ratios across firms and countries. Financial economists tried to explain the irrelevance of the MM theorem, but there is still no comprehensive theory of capital structure that would incorporate all empirical studies. This section will briefly review three main theories of capital structure, namely the Modigliani and Miller, the trade-off, and the pecking order theories.
The Modigliani and Miller Theory
The starting point of the modern theory of capital structure begins in 1958 with the irrelevance proposition of MM. MM model states that in a perfect capital market, the market value of the firm is uncorrelated with its capital structure, meaning that the optimal leverage doesn't exist. However, developed in a tax-free world, MM model was criticized and failed under variety of circumstances. In the real world taxes, bankruptcy and transaction costs, agency conflicts, as well as adverse selection should be considered as major explanations for the corporate choice to use debt financing.
The second corrected and proposed paper by Modigliani and Miller (1963) included corporate taxes as a factor affecting capital structure choice. According to a new MM model, capital structure with 100 percent of debt is considered to be optimal for a company, meaning that the value of the firm increases with debt financing. They explain this as, when the firm uses debt financing, the market value of the firm increases due to the advantage that the debt serves to shield earnings from taxes which decreases the average cost of capital. Therefore, it does not make any sense for the company to use internal sources of financing. Although the revised MM model was criticized on the grounds that it cannot be used in practice, because it does not take into account other important factors affecting the capital structure, namely the cost of financial difficulties, this model formed a basis for other developed theories of capital structure.
The Trade-off Theory
The trade-off theory is one of the most important theories of capital structure. Unlike the revised MM model (1963), the trade-off theory considers various costs and benefits of debt financing. According to trade-off theory, an optimal capital structure is a balance between the benefit and cost of the debt (Kraus and Litzenberger, 1973) . The benefit of debt can include tax benefits that decrease cost of capital, while the cost of debt includes bankruptcy cost from excessive use of debt, as well as agency costs resulting from differences in the interests of principals and agents. Therefore the advantage of using debt decreases with growing cost of expected bankruptcy and agency costs.
Bankruptcy costs of debt are the costs that occur with firm's failure to pay back its debt to creditors. The higher cost of debt can be associated with a company's high level of debt, which affects the probability and level of bankruptcy risk. Thus, the bankruptcy costs negatively affect the total value of the firm and its performance.
The probability of risk can also be explained by firm specific determinants, such as size, tangibility, and opportunity for growth. Large firms might have higher level of debt when compared to small ones, because they are more diversified and usually have a lower risk of bankruptcy. Companies with more tangible assets have smaller loss of value when firms face financial distress. Firms may use tangible assets as collateral, which increases access to credit, since the assets can be used as a guarantee in case of bankruptcy. Firms with bigger growth opportunities tend to lose more of their value than non-growth firms when they come into financial distress. Thus, according to trade-off theory a negative relationship between leverage and growth is predicted.
Agency costs can arise when managers do not act in the best interests of shareholders who also may not act in the best interests of creditors. The existence of such conflicts of interest between shareholders and debtors can interrupt further investment, and thus, add more costs in managing those difficulties. The cost of debtors can particularly occur in vulnerable situations, e.g. bankruptcy, when shareholders tempt to maximize their own interests rather than maximize the total value of the firm.
The Pecking Order Theory
The second important theory of capital structure is the pecking order theory that was developed by Myers and Majluf (1984) . This theory originated from the problem of uncertainty about the quality of investment and products. The pecking order theory states that a company prefers internal financing over external funding.
While the trade-off theory is concentrated on the optimal leverage by balancing the benefits and cost of debt, the pecking order theory suggests that firm has no optimal leverage ratio that maximizes its entire value. The pecking order theory argues that the choice of the capital structure depends on the information asymmetry between firm's managers and investors. Asymmetric information can vary among companies and can occur when different parties have different information.
According to the pecking order theory, firms with tangible assets have less debt ratio because such firms have less information asymmetry, which reduces the cost of equity. The theory assumes a positive relationship between growth opportunity and leverage (Myers and Majluf, 1984) , and positive relationship between income variability and debt ratio of the firm due to the adverse selection (Frank and Goyal, 2009 ). The pecking order theory also assumes that companies with more profits have more internal resources to finance projects, and thus would less use debt financing compared to firms with fewer profits.
Two main competing influential theories of capital structure, namely the trade-off theory and the pecking order theory were reviewed in this section. Baker and Martin (2011) provide detailed description of theories of capital structure. The next section will provide review of empirical findings and examine the support they offer for the two theories.
REVIEW OF EMPIRICAL STUDIES OF CAPITAL STRUCTURE

Determinants of capital structure
Many published empirical studies tried to determine whether companies across the world follow the trade-off theory or the pecking order theory. Their analysis was done by determining the factors that affect the firms' capital structure, and interpreting the relationship between these factors with the debt financing in favor of the existing theories of capital structure (Fischer et al., 1989; Rajan and Zingales, 1995; Shyam-Sunder and Myers, 1999; Fama and French, 2002; Barclay, Morellec, and Smith, 2006; de Haas and Peeters, 2006; Lemmon, Roberts and Zender, 2007; Frank and Goyal, 2009 ). The main implication of these studies was to explain debt ratios in companies using firm specific characteristics, such as bankruptcy cost, agency costs, size of the company, growth opportunity, asset structure, tax benefit, etc.
Most of the empirical literature found a negative relationship between income variability and leverage (Harris and Raviv, 1991; Kim et al., 2005; Frank and Goyal, 2009 ), a negative correlation between company's growth opportunity and leverage (Titman and Wessels, 1988; Rajan and Zingales, 1995; Heshmati, 2002) , a positive relationship between leverage and tangibility (Myers and Majluf, 1984; Titman and Wessels, 1988; Heshmati, 2002; Frank and Goyal, 2009 ), a positive impact of size of the firm on its leverage (Jensen and Meckling,1976; Titman and Wessels, 1988; Rajan and Zingales, 1995) , a negative relation between profitability and leverage (Myers and Majluf, 1984; Rajan and Zingales, 1995; Banerjee et al., 2004) , a negative effect of non-debt tax shield on leverage (Heshmati, 2002) , a negative correlation of a firm's uniqueness and debt financing (Titman and Wessels, 1988) . Kim et al. (2005) found a positive relationship between chaebol affiliation and firms' debt ratio.
Some recent empirical research focuses on explaining the variation of leverage ratios across firms and countries. Kim et al. (2005) based on a sample of Korean listed companies, developed a model of dynamic capital structure choice, and estimated the unobservable optimal capital structure using observable determinants of leverage. Kim et al. (2005) assumes that factors such as uniqueness, industrial sector, and trend may cause companies to deviate from their optimal leverage. Intangible assets, current liabilities, crises, and investments may affect the speed at which the companies adjust toward the optimal capital structure, which maximizes its market value.
Financial Crises and Capital Structure
Financial distress and bankruptcies of firms during financial crises formed a basis for existing empirical studies in investigating the effect of financial crisis on capital structure of companies worldwide (e.g., Demirguc-Kunt et al., 2015) .
In this section some empirical studies that try to explain the effects of financial crisis on the capital structure of firms in different geographical regions is reviewed. Although in most of the empirical studies, the effect of either the Asian crisis of 1997 or the Global financial crisis of 2008 on leverage of firms is negative, there were only few studies that did not find the effect significant. Kim et al. (2005) estimated the effect of the Asian crisis of 1997 on the capital structure and speed of adjustment of Korean listed companies. Using the dynamic model of capital structure, they found that optimal capital structure was negatively affected by the crisis. They also show that the mean adjustment speed significantly decreased after the 1997 crisis, indicating that firms had financial difficulties after the crisis. Zeitun et al. (2016) showed the negative and significant impact of the 2008 global financial crisis on the capital structure of 270 listed firms in Gulf Cooperation Council countries over the period [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] . The results of their study show that the adjustment speed toward optimal leverage is on average slower after the crisis, and assumed that it was due to the lack of debt financing supply. Trinh and Phuong (2015) investigated the effects of the financial crisis on the capital structure of listed firms in Vietnam over the period of 2006-2013. They found no evidence to claim that the debt ratio of Vietnamese firms significantly changed during the crisis period. They explained this result by stating that the financial market in Vietnam has not integrated much into the global market, and that the financial system is well controlled by the government. Akbar et al. (2013) examine the effect of shock to the supply on the financing and investment policies of private firms in the UK during period of [2007] [2008] [2009] . Using a fixed effects model, they found empirical evidence that the crisis adversely affected the leverage ratio of private companies. The crisis was significant and had negative effect on the short term financing channels, specifically short term debt and trade credit, which makes private firms hold cash and issued equity for hedging the negative effect of contradiction. Deesomsak et al. (2004) investigated the determinants of the capital structure of firms operating in the Asia Pacific region, in four countries with different financial environments, namely Thailand, Malaysia, Singapore, and Australia. The results showed that the capital structure was influenced by the environment the firms operate in, and some firm-specific factors. They also found that the financial crisis of 1997 had a significant but diverse effect on firms' capital structure decisions across four countries. The debt ratio of Thailand, Singapore, and Malaysia significantly increased after the crisis of 1997. The average debt ratio of Singapore firms declined in 2000, whereas the debt ratio of firms in Thailand and Malaysia was still around the level of 1998. The average debt ratio of firms in Australia was found to be constant during the entire period of observation. The authors suggest that the Australian stock market was not as directly affected by the crisis as it was in the other three countries, and the constant rate of debt ratio can be due to a high legal protection of shareholders.
DATA, MODEL AND ESTIMATION
Data
The data used in the empirical analysis is based on the financial statements of Korean listed companies, collected from Data Guide database. Financial institutions, namely banks, diversified financials, insurance companies and real estates were excluded because their capital structure is different from, and not comparable with, non-financial ones. This study initially started out with 1,241 companies, but after excluding financial institutions the sample was totaled 1,159 firms. The data set is unbalanced and contains 21,714 observations. The estimated period is from 1985 to 2015, a thirty one year period, which captures both the Asian 1997 and the Global 2008 financial crises.
The data covers firms of different sizes and ages; the mean total assets of the firm is 30.6 trillion won, the average age of sample firms is 27 years ( Table 1 ). All non-financial listed companies were categorized into 10 industrial sectors shown in Table 2 . Firms were then classified into chaebol and non-chaebol, based on the information provided by reports of Korea's Fair Trade Commission (KFTC) 3 on the thirteen largest business groups from 1985 to 2000. The affiliation of these conglomerates varies every year, and the definition of chaebol has also changed since 2001. Specifically, from year 2001, when companies with total assets of more than 2 trillion won are considered to be chaebols.
[Insert Table 1 about here] In order to estimate the effects of both the Asian and the Global financial crises, as well as pattern of firms' capital structure before and after the crises, and to identify the speed of adjustment toward the optimal leverage, the whole period of observation was divided into three periods: 1985-1997 is the period before the Asian crisis of 1997, 1998-2007 is the period after the Asian crisis and the before global crisis, and 2008-2015 is the period after the global financial crisis.
[Insert Table 2 about here]
Measurements of variables
Measurements of determinants of capital structure.
This study uses book value of leverage as a dependent variable, measured as the ratio of total liability to total assets. Ten firm-time-specific and three time-specific explanatory or control variables are used to examine whether the association between these explanatory variables and the leverage were impacted by financial crises.
The firm-time-specific independent variables are income variability, growth opportunity, tangibility, size, profitability, non-debt tax shield, uniqueness, chaebol affiliation, industrial sector, and age of firm. The time-specific variables are the Asian crisis of 1997 and the global financial crisis of 2008, and time trend.
In this section measurements of independent variables as determinants of companies' capital structures as reviewed in previous sections used in this study is provided. Expected signs of each variable based on trade-off and pecking order theories on leverage are presented in parenthesis.
Income variability (-,-)
Variance of operating income is used as a measure of income variability. The effect of income variability on the leverage is expected to be negative because a higher volatility of income is associated with higher probability of default on interest payment.
Growth opportunity (+,-)
The annual percentage change in total assets is used as a measure of growth opportunity. According to trade-off theory, the correlation between growth opportunity and leverage is expected to be positive, and negative according to the pecking order theory.
Tangibility (+,-)
The ratio of tangible assets to total assets is used as a measure of tangibility. Tangibility is expected to be positively related to the leverage according to the trade-off theory, and negatively according to the pecking order theory.
Size (+,+)
In order to divide firms into five groups by size, total assets was used as a measure of the size of the firm. The firms are grouped into: very small, small, medium, large and very large. Each group consist of about 20% of the sample. The size classification is timevariant. Leverage is positively related to size of firms.
Profitability (+,-)
The ratio of net income to total assets is used as a measure of profitability. A positive correlation between profitability and leverage is expected according to the trade-off theory, and negative according the pecking order theory.
Non-debt tax shield (-,-)
The ratio of depreciation to total assets is used as a measure of non-debt tax shield. A negative effect of non-debt tax shield on leverage is expected. Kim et al. (2005) found a negative impact of non-debt tax shield on the debt ratios of Korean listed companies. However, Titman and Wessels (1988) did not have a significant impact of non-debt tax shield on the leverage.
Uniqueness (-,-)
For uniqueness of a company's assets, the ratio of cost of sales to net sales is used in determining the correlation between uniqueness and leverage ratio. Firms with unique products are expected to have a low debt ratio according to some existing empirical literature, i.e. Kim et al. (2005) and Heshmati (2002) .
Chaebol affiliation (+,+)
Originating in South Korea in the 1960s, chaebol refers to business conglomerates, owned and controlled by the same family dynasty, and characterized by strong ties with government agencies. From 1985 to 2000, following the definition of chaebol by Korea's Fair Trade Commission, value 1 is given to companies, belonging to the top thirteen largest business companies, and 0 otherwise. From 2001 to 2015, value 1 is given to companies whose total assets exceed two trillion won, and 0 to those whose total assets do not. Correlation between chaebol affiliation with better access to external sources of finance and leverage is expected to be positive as in Kim et al. (2005) .
Industrial sector (-/+,-/+)
Industrials dummies are included in order to capture an industry heterogeneity effect that might have been overlooked in the variables listed above. The sample companies, according to industry classification, were grouped into the following ten sectors:
(1) Energy sector includes companies, engaged in exploration and development of oil and gas reserves, storage and transportation of oil and gas, coal and consumable fuels, as well as companies providing oil and gas equipment and services.
(2) Materials sector, which includes companies, engaged in manufacture of chemicals, supply materials for construction, basic materials, forestry products, paper, and producers of steel as well as metal and mining companies.
(3) Industrials sector, which includes companies engaged in manufacture and distribution of capital goods such as building products, electrical equipment, machinery, aircraft, and tools that organizations need to produce goods and services.
(4) Consumer Discretionary sector, which includes companies that provide products and services that are not necessities. For example, manufacturing automobiles, production of consumer durables and apparel; media and retailing, hotels, restaurants, and etc.
(5) Consumer Staples sector includes companies providing essential products such as food, beverages and tobacco, household and personal products, and companies engaged in food and staples retailing.
(6) Health Care sector includes companies offering health care equipment and services, pharmaceuticals, biotechnology, and life sciences. (9) Utility sector includes companies engaged in delivering gas, water, and electricity and other related services.
(10) Other sectors, includes companies providing other products and services that are not described in above industry sectors.
Age (+/-,+/-)
Age of firm is measured in years from establishment year. A company can increase leverage more over time in order to continue and increase the capacity of the business. On the other hand, the longer the firm operates its business in the market, the more internally it can accumulate profits and use them to replace debt financing. Thus, there can be both positive and negative effects of age on a firms' debt ratio.
Financial crises (-,-)
In order to capture financial crises, period dummies (1985-1997), 1998-2007, 2008-2015) was given for years before and after Asian financial crisis and after Global financial crisis. According to Kim et al. (2005) , the Asian crisis of 1997 had a negative impact on the leverage of Korean listed, and suggest that it was due to a tighter credit policy that made difficult and costly for companies to use debt financing.
Time trend (-,-)
Time trend is used to capture variation in firms' leverage over time. Leverage can either increase or decrease over time. However, because the observed period includes two crises, namely the Asian financial crisis of 1997, as well as the global financial crisis of 2008, the expected effect is found to have a negative sign; that is, leverage is expected to decrease especially after the crisis.
Measurement of Determinants of Speed of Adjustment
The debt ratio is associated with both time and firm specific factors discussed in the previous section. In this section some of the few factors that affect companies' adjustment speed toward an optimal leverage ratio are presented.
Distance (-)
As in Kim et al (2005) , the absolute value of the difference between optimal leverage and observed leverage, │Lit* -Lit│ is used as a measure of distance. A positive relationship between distance and speed of adjustment is expected, because firms with debt ratio lower than optimal would change their capital structure only if they are sufficiently far away from the optimal capital structure.
Current liabilities (+)
The ratio of current liabilities to total liabilities is used to measure current liabilities. Following Kim et al. (2005) , firms with a high level of short-term debt have the ability to adjust to a new level of leverage easier and faster than firms with a lower level of short-term liabilities, because short-term liabilities, relative to the long term, can be easily raised or paid-off.
Intangible assets (-)
In the model, a log of intangible assets is used as a measure of intangible assets. A firm with more intangible assets is expected to adjust to an optimal level slower than a firm with more tangible assets.
Growth opportunity (+)
Annual percentage change in total assets is used as a measure of growth opportunity. A positive relation is expected to be between a firm's growth opportunity and the adjustment process, because growing firms may find it easier to change their capital structure by choosing the source and composition of financing.
Profitability (+/-)
The ratio of net income to total assets is used as a measure of profitability. Profitability is expected to have both negative and positive effects on the adjustment process, as it has had on the debt ratio.
Financial crisis (-)
The crisis variable is included because a direct and clear effect on both optimal leverage and speed of adjustment is expected. After the crisis, the speed of adjustment is expected to slow down somewhat, because raising debt is expected to become more difficult.
Time trend (-)
It is possible that speed of adjustment firms' leverage can vary over time when taking into consideration two crises. Time trend is used to examine variation in the speed of adjustment of sampled firms over time. Negative correlation between trend and speed of adjustment is expected according to Kim et al. (2005) .
Model and estimation
Empirical analysis in this study is made using a dynamic panel data model. In order to formulate this model, using firm-specific and time-specific variables, we will distinguish functions of optimal leverage and speed of adjustment as in Kim et al. (2005) . The optimal leverage denoted by Lit * for firm i at time t, can be written as a function of explanatory variables of optimal leverage, as well as firm-specific and time-specific variables:
(1)
where Xit represents determinants of optimal leverage that vary across firms and time, Xi is a vector of firm-specific variables that are constant over time, and Xt is a vector of time-specific variables that are constant across firms. Dummy variables are included in the model to capture unobservable firm-specific and time-specific heterogeneity effects.
Under ideal conditions, the observed leverage should be equal to optimal leverage that can be written as:
Subtracting the observed leverage from a previous period can be written as follows:
Because the process of adjustment from one state to another can be costly for a company, there can be cases when firms might find it easier and less expensive to adjust gradually. By introducing δit, adjustment factor, specifically a speed of changing from observed leverage Lit to its optimal value Lit * , a partial adjustment model developed by Kim et al. (2005) is used:
On the other side, economic conditions can change and make companies lessen the demand for debt. Also developed by Kim et al. (2005) let the function of the speed of adjustment process, , be a function of some variables affecting the adjustment cost:
where Zit is a vector of the determinants of speed of adjustment, that are changing both over time and across firms, Zi and Zt, are vectors of observable variables, that are firmspecific and time-specific, respectively. Dummy variables are included to capture the unobservable firm-specific, time specific and other adjustment heterogeneity effects.
By rearranging Equation (4) and adding error term εit, it can be written as the following equation: (6) where the optimal leverage Lit * is estimated by using observables as (7) and the speed of adjustment is specified in terms of observables as
In the purpose of comparison, the standard static model will be used in the analysis of capital structure:
After estimation of optimal leverage and observed leverage, the degree of optimality of leverage can be found as:
The optimality ratio is equal to1 if the firm is at its optimal leverage at time t, thus Lit=Lit * . Optimality ratio is restricted to being non-negative.
The dynamics model in equation (6) is jointly estimated with equations (7) and (8). The static model is used for comparison with the dynamic model, expressed as equation (9), and is linear in its parameters; least squares is used for its estimation. On the other hand, the dynamic model is nonlinear in its parameters. The system estimation is iterative and at convergence it is equivalent to the maximum likelihood estimation method.
EMPIRICAL RESULTS
This section will present and discuss the empirical results on 1,159 Korean listed companies obtained from estimating the static and dynamic models described in Section 4. The results for each of the model will be compared in order to choose the one that provides a better explanation.
First, the values of coefficient of determination (R 2 ) and the root mean squares error (RMSE) were examined in order to compare the static model, the restricted dynamic, and the unrestricted or flexible dynamic models. The value of RMSE for the dynamic unrestricted model, with flexible adjustment speed parameters, was 0.1088 and the value for R 2 was 0.7751. The values for RMSE and R 2 for the restricted dynamic model with a constant speed of adjustment were 0.1696 and 0.4535 respectively, while for static model the value of RMSE was 0.1870 and R 2 was 0.3357 (see Table 4 ). Without considering some coefficients with statistically insignificant signs, the dynamic unrestricted model with the lowest value of RMSE and highest R 2 offers a better fit for analyzing capital structure and provides a better explanation in the variation of debt ratios of Korean nonfinancial listed companies. Table 1 presents a summary statistics of dependent and all independent variables for the entire sample period. The sample mean value of debt ratio was 55.4 percent and had a standard deviation of 23 percent.
[Insert Table 3 about here] Table 4 shows that the effects of the 1997 Asian and the 2008 global financial crises on both the debt ratio of sampled Korean companies and their speed of adjustment toward optimal leverage over the observation period are both significant at 1-percent level of significance and they have different signs. The Asian financial crisis negatively impacted the debt ratio of Korean non-financial companies, whereas the global financial crisis impacted it positively. The effect of the two financial crises on the adjustment speed is consistent with the effect on the debt ratio: the 1997 financial crisis negatively impacted the speed of adjustment whereas the global financial crisis of 2008 had a positive effect on the speed.
Summary of financial crises effects on capital structure of firms
[Insert Table 4 about here]
The speed of adjustment was low during the Asian financial crisis and high during the global financial crisis. This can be explained as a tighter financial environment during the Asian crisis. Panel 1 of Table 5 .1 shows that Korean companies were overleveraged from the beginning of the period: the observed debt ratio was much higher than the optimal one from 1986 to 1996, and it was even almost 40 percent higher than the optimal leverage. The observed debt ratio reached an optimal ratio after 2000, and since then, the mean distance between the optimal and the observed debt ratios was less than it was from that in 1986-1996. This can be due to many corporate restructuring policies implemented right after Asian financial crisis. The speed of adjustment in 1997 was the slowest during the whole period of observation. The mean speed of adjustment fell from 0.078 in 1996 to 0.027 in 1997. On the other hand, the speed of adjustment increased during the global financial crisis; it rose from 0.102 in 2007 to 0.193 in 2008.
Panel 2 of Table 5 .1 shows that the mean of the observed debt ratio fell significantly from 70 percent to 52.2 percent after the Asian financial crisis, and decreased slightly from 52.2 percent to 50.3 percent after the global financial crisis. The mean optimal leverage before 1997 was 60.7 percent. After 1997's Asian financial crisis and before the global financial crisis, it dropped to 51.9 percent; the mean optimal leverage slightly decreased after 2008 to 50.3 percent. However, the mean optimality ratio increased from 86.8 to 99.5 percent after the Asian financial crisis, and dropped from 99.5 to 98.9 after the global financial crisis. This can be explained with the mean delta or adjustment parameter, which increased almost twice after the Asian financial crisis and decreased slightly from 10.7 to 10.5 percent after the global financial crisis (Figure 1 ).
[Insert Figure 1 about here]
Determinants of optimal leverage
Income variability was expected to be negative according to trade-off theory. Companies with higher income volatility have a higher probability of default, and therefore a higher cost of financial distress (Frank and Goyal, 2009; Kim et al., 2005) . However the results show that income variability was statistically insignificant when correlated with debt ratio by static and restricted dynamic models; but it was found to have a positive effect on debt ratio for unrestricted dynamic model. The value of the coefficient was statistically significant at a 1 percent level. The positive relationship of income variability with leverage supports the pecking order theory which suggests that firms with volatile earnings suffer more from adverse selection (Frank and Goyal, 2009 ).
According to the trade-off theory of capital structure, a company's growth opportunity is negatively correlated with a firm's leverage ratio. The empirical results show a statistically negative relationship between growth and debt ratio for both the static and the restricted dynamic model, and had the same parameter value of (-0.0001), but it had an insignificantly positive correlation in the unrestricted dynamic model. Tangibility had positive and statistically significant sign in flexible the dynamic model, with a value of 0.0009. In the static and unrestricted dynamic models the parameter of tangibility was also statistically significant, but it had a negative effect on the debt ratio of sampled Korean companies.
In the estimation result, the effect of the size of the firm, measured as logarithm of total assets, had a positive and statistically significant effect on the leverage over all three models. This supports trade-off theory, and can be explained as bigger companies have lower probability of default and thus, lower financial distress, which makes them easier to raise debt compared to small firms. The same positive effect of size on the leverage was found in study by Psilakki and Daskalakis (2009) .
Profitability showed a negative relationship with debt ratio over all three models. A negative relationship between profitability and leverage is one of the most consistent findings in capital structure research (Myers and Majluf, 1984; Rajan and Zingales, 1995) . The empirical results show that the coefficients were negative and statistically significant at 1 percent level of significance with values -0.01370, -0.01520, and -0.0181 for the static, restricted, and unrestricted dynamic models respectively. Such negative effects of profitability on debt ratio can be explained by pecking order theory, assuming that firms with large profits have more internal resources to finance company's projects.
The effect of a non-debt tax shield on leverage was found to be positive and highly statistically significant for all three models, with coefficient values of 0.0127, 0.0080 and 0.0399 for the static, restricted, and flexible dynamic models, respectively. The positive relationship is consistent with the predictions of the pecking order theory and explained as a tax shield benefit, generated from the deduction of interest expense.
The empirical results show a positive relationship between uniqueness and debt ratio for all three models. The coefficients at a 1 percent level of significance were 0.0011 for both the static and the restricted dynamic model, and 0.0014 for the unrestricted dynamic model. This result is inconsistent with Titman (1984) , arguing that since the firm with unique characteristics cannot be easily replaced in the market, a firm bankruptcy will be highly avoided by suppliers, customers and workers, thus making the firms lower the debt ratio.
The age of the firm was found to be significantly negatively correlated with debt ratio for the static and the restricted dynamic models with values -0.0004 and -0.0006, respectively. For the unrestricted dynamic model, the age had a positive and statistically significant effect on the leverage ratio of the firm. A positive sign of age is consistent with Heshmati (2002) . Chaebol affiliation had a positive impact on the debt ratio of sampled Korean firms over all three models. The coefficient was significant at a 1 percent level of significance with the values 0.0363, 0.0215, and 0.1208 for the static, restricted and flexible models, respectively. This can be explained by chaebols historically being supported by the government since they had better access to borrowing money at a lower rate than non-chaebols.
The time trend variable, as it was expected to be negatively correlated with the debt ratio, had a negatively statistically significant effect on the leverage for the three models. The negative effect can be explained by both 1997's Asian crisis and the global financial crisis of 2008 causing adverse effects on the Korean credit market. Half of the industrial sector effects were statistically significant in all three models and had a negative effect on debt ratio.
Determinants of speed of adjustment
As variation in the debt ratio across firms can depend both on firm-and time-specific factors, the optimal leverage ratio can also vary among firms. As described previously, the speed of adjustment was estimated by firm-specific and time-specific factors. Below we will describe the factors which affect a company's speed of adjustment toward an optimal debt ratio. Table 4 represents the determinants of speed of adjustment. All the variables were statistically significant at a 1 percent level of significance but had a different effect on companies' speed of adjustment toward an optimal ratio.
The distance, measured as the absolute difference between optimal leverage and observed leverage, was expected and found to have a positive effect on speed of adjustment. This can be interpreted as the firms which are far from the optimal leverage find it costly to adjust over a long period of time, so they try to adjust faster than those who are already close to the optimal leverage. Current liabilities were expected to be positively related with speed of adjustment. However, the empirical results show that current liabilities had a negative effect on the speed of adjustment. The correlation matrix shows that current liabilities are positively correlated with debt ratio. So, the firms with short term liabilities possess a higher debt ratio, and thus find it easier to adjust toward optimal leverage in a short period.
Intangible assets had a negative sign, with a coefficient value -0.0018. Because the speed of adjustment is positively related to tangible assets, intangible assets are expected to have a negative effect on adjustment speed toward optimal leverage. Therefore, the more the firm has intangible assets, the slower it will adjust its capital structure to an optimal level.
Although the growth opportunities had a statistically insignificant positive effect on the company's debt ratio, the empirical results show that firms with more growth opportunity adjust faster towards an optimal ratio than those with low growth.
A negative effect of profitability on debt ratio was explained by the pecking order theory that firms with large profits have more internal resources to finance companies' projects. The effect of profitability on the speed of adjustment was also negative with a coefficient value of -0.0081.
Time trend showed a positive effect on the speed of adjustment with a coefficient value of 0.0967. This result is inconsistent with Kim et al. (2005) . This can be due to a larger period of observation and a consideration of two crises, each of which had different effects on both leverage ratios and the speed of adjustment toward optimal debt ratio. Table 5 .2 contains mean values of observed and optimal leverages, as well as the distance between them, the speed of adjustment toward an optimal leverage ratio, and an optimality debt ratio by ten industrial sectors, by size of the firm, measured as logarithm of total assets, and by chaebol affiliation, as well as sample mean and standard deviation.
Panel 3 shows that the mean of optimal and observed ratios as well as the speed of adjustment varies across companies in different industrial sectors. It is noticeable that the observed leverage was higher than optimal for companies in Energy, Materials, Consumer discretionary, Utility, and other sectors. Companies belonging to Consumer discretionary industrial sector adjust debt ratio toward optimal debt ratio four times faster than companies in the Technology Information sector. The speed of adjustment for companies providing utility services is the slowest among other sectors.
The size of the firm was positively correlated with the debt ratio. As panel 4 shows, the bigger the company the bigger are observed and optimal leverages. However, the speed of adjustment of small companies is higher than it is for bigger companies. This can be explained as small companies find it costly to adjust in the long period, that's why they prefer to do it in the short period.
The mean observed and optimal leverage ratios of chaebol firms are higher than of nonchaebols (panel 5). The mean speed of adjustment for chaebol over the sample period was 0.044 which is more than twice as slow when compared with non-chaebols, which recorded 0.102.
[Insert Table 6 shows the correlation coefficients between year, size of the firm, chaebol affiliation, optimal debt ratio, observed leverage, optimality ratio of leverage, distance between optimal and observed debt ratios, and speed of adjustment. The optimal, observed, and chaebol affiliation are negatively correlated with time, whereas size, optimality ratio, distance, and speed of adjustment are positively correlated with time. The correlation coefficient between optimal and observed leverages is 0.51. The distance from optimality was negatively related to size, chaebol affiliation and optimal debt ratio. The speed of adjustment was negatively related to size, chaebol, optimal and observed ratios, and optimality ratio of leverage. The distance from optimal debt ratio is smaller for chaebols and speed of adjustment toward optimal leverage is slower compare to nonchaebols. This is consistent with positive relation of distance and adjustment speed.
[Insert Table 6 about here]
Policy implications of the results
The results of this study have some policy implications. First, Korean companies over the period of observation showed a declining pattern of leverage. We assume it can be due to a tighter credit policy during the financial crises, numerous corporate restructuring, and macro prudential policies 4 that promoted financial stability in Korea since the Asian crisis of 1997. Many lessons were learned from the financial crises. However the empirical results show a firms' low speed of adjustment toward the optimal leverage. Therefore, Korea needs to keep implementing policies toward improvement and better corporate governance.
Suggestions for improvements in the data and future research
This study has some limitations and in this section we would provide further suggestions for future research. Although this study covered a long period of observation, we would suggest that it would be better to study the capital structure including more macroeconomic factors such as inflation, monetary policies, and etc. The analysis part could be improved by differentiating types of the debt. It is desirable to divide the total debt into short-term and long-term debts, and look at the effect of the crises on each type of debt. We couldn't do it in this study due to unavailability of such separate data. For the dependent variable, we used a book value of leverage, whereas some empirical studies use a market value of leverage.
Finally, the analysis could be improved by introducing and investigating the effect of more firm characteristics, such as type of ownership, etc. on the dynamics of capital structure.
CONCLUSION
In this study we have examined the determinants of capital structure and adjustment speed for 1,159 Korean non-financial listed companies during 1985-2015 periods. The results for the effect of common determinants of capital structure were found to be consistent with theories, as well as empirical studies on determinants of capital structure. Tangibility and size were positively related to leverage, whereas profitability and time trend were negatively related to leverage. The adjustment speed toward optimal leverage was also estimated using a flexible dynamic adjustment model. As it was predicted, companies with intangible assets and high profitability had a lower speed of adjustment than companies with tangible assets and low profitability. Distance, measured as an absolute difference between optimal and observed leverages, had a positive effect on the speed of adjustment. Thus, Korean companies finding it costly to adjust in the long term, adjust faster in the short term if their observed debt ratio is far from the target debt ratio.
A major objective of this study was to examine the effect of the 1997 Asian crisis, and the global financial crisis of 2008 on companies' leverage. The dynamic restricted, the dynamic unrestricted, and the static models were used for empirical analysis, but preference was given to the dynamic unrestricted model. The Asian financial crisis had effects on Asian financial markets in general, and the Korean market in particular, which was confirmed in the empirical result. The mean debt ratio fell significantly after 1997's Asian crisis. The distance between optimal and observed debt ratios shrank after the Asian crisis, while the speed of adjustment increased twofold. Unlike the Asian crisis, the global crisis of 2008 was found to have a positive effect on company's debt ratio and speed of adjustment toward optimal leverage.
The empirical analysis revealed that Korean non-financial listed companies on average decreased their debt ratios over the entire period of observation, with leverage being highest before the Asian Crisis and lowest after the global financial crisis. The regression analysis shows that Korean listed companies on average adjust 9.4 percent toward their optimal debt ratio. This result is relatively lower than in other overseas studies. 
